Entomopoxvirus virions are frequently contained within crystalline occlusion bodies, which are composed of primarily a single protein, spheroidin, which is analogous to the polyhedrin protein of baculovirus. The spheroidin gene of Amsacta moorei entomopoxvirus was identified following the microsequencing of polypeptides generated from cyanogen bromide treatment of spheroidin and the subsequent synthesis of oligonucleotide hybridization probes. DNA sequencing of a 6.8-kb region of DNA containing the spheroidin gene showed that the spheroidin protein is derived from a 3.0-kb open reading frame potentially encoding a protein of 115 kDa.
Entomopoxviruses (EPVs) are poxviruses of insects. A crystalline occlusion body (OB) composed primarily of a single protein, spheroidin (2) , protects the virions during transmission from one insect to another. The gene for the highly expressed spheroidin of Amsacta moorei entomopoxvirus (AmEPV) is a candidate insertion site for use as an invertebrate expression vector and a model for the study of the regulation of a highly expressed invertebrate poxvirus gene. The function of spheroidin is analogous to that of the polyhedrin protein of baculovirus, another occluded insect virus. The baculovirus polyhedrin gene has been used as an insertion site during the development of this virus as a generalized viral expression vector system (23) .
AmEPV was discovered in 1967 (29) and is the type species of genus B of EPVs (22) . AmEPV is one of three known EPVs which will replicate in cultured insect cells (11, 17, 35) . The major structural protein, spheroidin, has been reported (21) to be 110 kDa in size and to consist of a high percentage of charged and sulfur-containing amino acids. The AmEPV double-stranded DNA genome is about 225 kb long and unusually A+T rich (18.5% G+C) (20) . Recently, a series of restriction maps for AmEPV were published (13) .
It has been suggested that spheroidin may be a member of the same poxvirus protein family which includes the cowpox virus A-type inclusion (ATI) and its homologs (25) . The ATI gene has been identified and sequenced (6) , and ATI is one of the most highly expressed vertebrate poxvirus gene products (24) . The A+T-rich promoter region of the ATI gene could be one factor responsible for the high level of expression (6) . Virions are embedded in ATIs much as they are in EPV OBs, but the cowpox virus inclusions are not crystalline. supernatant was passed through a 0.45-,um-pore-size filter. For the preparation of viral DNA, cells were infected with AmEPV by addition of the inoculum to a preconfluent monolayer of cells (about 0.1 to 1 PFU per cell), with occasional agitation of the dish during the first day. Infected cells were harvested 5 or 6 days postinfection.
For routine virus quantitation, 1 ml of an appropriate virus dilution (prepared in unsupplemented EX-CELL 400) was added to a preconfluent monolayer of cells in a 60-mm culture dish, with intermittent agitation over a 5-h adsorption period at 26 to 28°C. The virus inoculum was removed, and 5 ml of a 0.75% SeaPlaque agarose (FMC BioProducts, Rockland, Maine) overlay prepared with 2x EX-CELL 400 and equilibrated at 37°C was added to the monolayer. Plaques were visualized after 5 days of incubation at 26°C by inspection with a stereomicroscope.
SDS-PAGE, protein blotting, protein microsequencing, and glycosylation analysis. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of proteins was performed (19) with a 4% acrylamide stacking gel and a 7.5% separating gel. The acrylamide used to prepare spheroidin for protein microsequencing was deionized with AGSO1X8 resin (Bio-Rad, Richmond, Calif.). The gels were polymerized overnight at 4°C. For sample preparation, 2 x Laemmli sample buffer consisting of 125 mM Tris-HCl (pH 6.8), 4% SDS (wt/vol), 10% P-mercaptoethanol (vol/vol), and 20% glycerol (vol/vol) was used. OB suspension samples were diluted 1:1 with 2 x Laemmli sample buffer and boiled for 5 min. Following electrophoretic separation, spheroidin in the unstained gel was transferred to an Immobilon (polyvinylidene difluoride [PVDF] ) membrane with a Bio-Rad TransBlot apparatus at 90 V for 2 h in a buffer consisting of 10 mM morpholinepropanesulfonic acid (pH 6.0) and 20% methanol. Spheroidin was visualized on the PVDF membrane by Coomassie blue staining. Bands were cut from the membrane, and protein microsequencing was done with an Applied Biosystems gas-phase sequencer. Cyanogen bromide cleavage was performed on samples of spheroidin eluted from the PVDF membrane. Spheroidin within SDS-polyacrylamide gels was tested for glycosylation by periodic acid-Schiff staining (42 (33) .
PCRs. Inverse and regular polymerase chain reactions (PCRs) with custom-designed oligonucleotide primers were performed as described previously (18) . The specific reac- 
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Nucleotide sequence accession number. The sequence of the 6,768-bp AmEPV fragment reported in this article will appear in the GenBank data base under accession number M77182.
RESULTS
Mapping of the spheroidin gene and sequencing strategy. To localize the spheroidin gene, we solubilized a purified preparation of OBs from infected caterpillars (Fig. 1) and subjected it to SDS-PAGE. The spheroidin protein (-113 kDa) was the predominant protein of the purified OBs (Fig. 2) . Several lanes of an OB protein preparation (equivalent to lane 3 in Fig. 2 A partial sequence for the 15-kDa fragment was also obtained: (Asn?)-Ala-Leu-Phe-(Phe?)-(Asn?)-Val-Phe. All sequences were ultimately located within the spheroidin gene sequence (see Fig. 4, underlining) . The sequence derived from the 6.2-kDa CNBr fragment was used to design a degenerate oligonucleotide to use as a hybridization probe to locate the spheroidin gene. The sequence of this probe (RM58) was GA5GT7GA6CC7GA5TA6GT, where 5 represents A or G, 6 DNA cloned into BamHI-digested plasmid pUC9. A 4.51-kb clone, pRH512 (bases 0 to 4504; Fig. 3 ), was isolated, radiolabeled, and hybridized back to various AmEPV genomic digests. Hybridization to the BamHI-A, EcoRI-D, HindIII-G and -J, PstI-A, and XhoI-B fragments of AmEPV DNA was observed (14) . Oligonucleotide RM58 was then used as a primer for double-stranded plasmid sequencing of pRH512 to generate some initial DNA sequence. When a primer complementary to that sequence was prepared and used to sequence back through the RM58 binding site (bases 3983 to 4002), the sequence generated, when translated, yielded the amino acid sequence generated from microsequencing the 6.2-kDa CNBr polypeptide fragment. These results led us to conclude that clone pRH512 contained at least part of the spheroidin gene. Additional sequencing of pRH512 revealed that there was a single Hindlll site at base 931 (Fig. 3) and that the 3' end of the spheroidin open reading frame (ORF) was truncated. The technique of inverse PCR was then used to isolate adjacent 3' DNA clones. A 1.7-kb PCR fragment generated by inverse PCR amplification of ClaI-digested, self-ligated DNA was sequenced with RM83 (see Materials and Methods) as a primer. The relevant ClaI sites are at positions 3485 and 6165 ( Fig. 3 and 4) . This fragment was used as a probe to isolate pRH827 (307 bp), pRH85 (1.88 kb), and pRH87 (1.88 kb) from fragment which extended from bases 4543 to 5128 ( Fig. 3 and  4) cloned into M13. The orientation of the spheroidin ORF on the physical map is shown in Fig. 3 . It is interesting to note that the 1.7-kb inverse PCR fragment only hybridized to the AmEPV HindIII-G fragment (14) . The amino acid sequence derived from the 8-and 9-kDa overlapping cyanogen bromidegenerated polypeptides is found from nucleotide positions 4883 to 4957, that derived from the 6.2-kDa polypeptide is found from nucleotides 3962 to 4012, and that derived from the 15-kDa polypeptide is found from nucleotides 4628 to 4651 (underlined in Fig. 4) . Therefore, all sequences obtained from protein microsequencing were ultimately found to lie within the putative spheroidin ORF.
Spheroidin gene sequence. A combination of M13 shotgun sequencing with standard universal and reverse M13 primers as well as custom-designed primers and exonuclease IIInested deletions was used to extend the sequence 5' and 3' to the spheroidin gene (Fig. 3) . The spheroidin ORF (GSR) was initially identified by sequencing back through the RM58 oligonucleotide primer binding region as described above.
Examination of the AmEPV spheroidin gene sequence (ORF GSR) revealed a potential ORF of 3.0 kb capable of encoding 1,003 amino acids or a protein of about 115 kDa (Fig. 4) , a size expected from earlier studies (21) and the data in Fig. 2 . The ORF consists of 29% G+C, in contrast to the 18.5% reported for the entire AmEPV genome (20) . Inspection of the 92 bases upstream of the initiating ATG revealed only 7 G or C residues (Fig. 5) . We also detected the presence of known vertebrate poxvirus regulatory sequences within the 92 bp 5' of the spheroidin ORF. Included are three TTTT TNT early gene termination signals and TAAATG, which presumably represents a late transcription start signal used to initiate transcription and translation of the spheroidin gene. Several adjacent translation termination codons are also present within the 92 bp upstream of the spheroidin ORF (Fig. 4 and 5) .
Spheroidin gene transcription. (24) .
Analysis of ORFs adjacent to the spheroidin gene. Analysis of the sequence upstream of the spheroidin gene revealed four additional potential ORFs, GlL, G2R, G3L, and G4R (Fig. 3) . No significant homologies were found for the small potential polypeptides encoded by ORF G2R or G3L. ORF GiL, however, exhibited a significant degree of homology to ORF 17 found within the HindIII-I fragment of vaccinia virus (Fig. 7) , whose function is unknown (36) . ORF G4R showed homology to ORF HM3 of capripoxvirus (Fig. 8) . In vaccinia virus, the ORF HM3 homolog was found very near the site of an incomplete ATI gene (8) . The partial G6L ORF (Fig. 3  and 9 ) to the right of the spheroidin gene exhibited good homology to vaccinia virus NTPase I (3, 30) . This relationship is shown in Fig. 9A . Much better homology (78.4% identity over 162 amino acids) was found between the partial G6L ORF and NPH I of CbEPV (41), another insect poxvirus. The comparative alignments are shown in Fig. 9B .
DISCUSSION
The spheroidin gene of AmEPV was identified through direct microsequencing of the protein, and the results were used for the design of oligonucleotide probes. We have also shown that transcription of the spheroidin gene is inhibited by cycloheximide, suggesting it is a late gene (14) . Consistent with this prediction are our observations that spheroidin transcripts were initiated within a TAAATG motif (Fig. 6) and that there was a 5' tract of poly(A), both characteristic of late transcripts (24, 32) . AmEPV spheroidin gene elements responsible for such high levels of expression may have significance for the development of a generalized eukaryotic expression vector capable of functioning in either a vertebrate or an invertebrate environment (12, 26) .
The predicted molecular mass of 115 kDa for AmEPV spheroidin agreed well with our observations (Fig. 2) and the 110 kDa reported previously (21) . The spheroidin of CbEPV has an apparent size of 50 kDa (40) . We have compared the DNA sequences of the spheroidin genes of AmEPV and CbEPV and found little, if any, significant homology between the two spheroidin sequences. Why these two spheroidin proteins, which presumably serve similar functions in both viruses, should be so different is not clear. This disparity is particularly surprising in view of the striking degree of homology between the NTPase I (NPH I) gene fragments of AmEPV and CbEPV (41) (Fig. 9B) . 
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We found no significant amino acid homology to any previously reported protein, including the polyhedrin protein of baculovirus. We might have expected some amino acid homology to exist between the cowpox virus ATI protein (6) and the AmEPV spheroidin. Both are high-molecular-weight late gene products produced in large amounts in the infectedcell cytoplasm. Both proteins function to "encoat" the respective completed virions. The region upstream of both genes is very A+T rich. Inspection of the spheroidin sequence reveals only 7 G+C residues in the first 92 bases upstream of the putative promoter. The poxvirus consensus late gene promoter sequence is found immediately 5' and potentially within both genes. Both proteins are highly hydrophilic, with charged amino acids making up 40% of the ATI protein (6) and 27% of the AmEPV spheroidin protein. However, only a small region of homology (26.5% identity in a 102-amino-acid overlap) was found (14) .
The AmEPV ORF which is immediately upstream of the spheroidin gene also has significant homology to the capripoxvirus HM3 ORF. A homolog of the HM3 ORF is found in vaccinia virus just upstream of a truncated version of the cowpox virus ATI gene (8) . Therefore, the microenvironments in this region appear to be similar in the two viruses.
Analysis of the remaining AmEPV sequence reported here (Fig. 4) reveals two other ORFs related to counterparts in vaccinia virus (Fig. 10) . These ORFs include the 17 ORF of the vaccinia virus HindIII-I fragment (36) and the NTPase I (NPH I) ORF of the HindIII-D fragment (3, 30) . Also included in Fig. 10 is the location of the AmEPV thymidine kinase gene (12) . What is remarkable is that the genomic location of the AmEPV ORFs compared with that of the vaccinia virus ORFs suggests that, outside the microenvironment surrounding the spheroidin gene, the arrangement of essential "core genes," which are centrally located and colinear in many, if not all, of the vertebrate poxviruses on a more macroscopic scale, is quite different in the insect virus. The significance of this finding, while intriguing, is not clear.
